intestine, muscle and skin) and the nervous system (brain, spinal cord and the peripheral nerves) were examined histopathologically.
The degrees of the damages were various, but both insecticides caused extreme toxicological disorders in the lung, liver, kidney and nervous systems. (1) In aerosol, the difference of densities between the gas as dispersed state and fine particles as dispersed phase is extreme and the stability is bad. When the gas is static, the sedimentation of the particles is inclined to be seen because of its gravity.
(2) In aerosol, the distance between the molecules is greater than that in liquid, then the B.rownian movement of the fine particles is active. And the chance of the mutual collision of fine particles, or the collision of the particles to the wall is more.
So the particles become larger, sticking together or stuck to the walls. Therefore the numbers of particles decrease fast and disappear within several hours.
(3) The diameters of the fine particles of aerosol are generally 0.1 to lu and some are l0µ or so.
(4)
The density of fine particles is about one tenth of that in the solid or the liquid of the same material.
(5)
If the fine particles pass through two walls which are opposite to and one is cooler than the other, they stick to the cooler wall.
And if a hot material are put into that smoke, no smoke phase is made around it.
(6) The diffusion of the fine particles into the atmosphere is caused by the whirlpool movement of the air.
If it is made to pass into a minute refracted passway, the particles in the aerosol can pass easier than the molecule of gas.
The methods of vaporizing gamma BHC which are now practiced are as follows:
(1) The method in which the gamma. BHC impregnated into paper or clothing is evaporated gradually by the atmospheric temperature or body temperature when it is used in clothes.
(2) The method in which the gamma BHC is evaporated by the combustion heat when the gamma BHC is mixed with some suitable inflammable materials and made in the shape of a stick or a pipe and burnt.
(3)
The method in which gamma BHC is evaporated from the gasoline solution by the catalysis of platinum.
(4) The evaporating method of the tablet of gamma BHC by the radiant heat of bulbe or by a self-control electric heating apparatus.
The method of evaporating gas or aerosol of gamma BHC by the smoking after firing the suitable smoke producing chemical mixed with gamma BHC.
(6) The method of evaporating gamma BHC by the ventilating system after evaporating the solvent of gamma BHC solution in a glass-fiber filter. In order to make the above problem clear, the inhalation test with gas and aerosol of gamma BHC was carried out experimentally by means of laboratory animals. 
THE MATERIALS AND PROCEDURES OF THE EXPERIMENTS

RESULTS
OF TIIE EXPERIMENT
A) The influence of the fumigation of 0.1 gr. of lindane in one cubic meter of atmosphere.
(1) Inhalation test for an hour. 15 minutes after the fumigation, 10 Sarco phaga were put into each glass cylinder (the inside diameter is 9 cm, the hight 12 cm). Five of these cylinder (total flies being fifty), which were Qovered by wire-nett, were altogether put into the inhalation box as soon as possible through the least opening window and the window was closed at once.
The insects, aster about ten minutes passed since they were exposed in the vapor of the lindane, flew violently in the cylinders, but one by one they fell on the bottom with convulsion, after thirty minutes passed all lay with occasional movement of legs and wings, in five to six hours the movement stopped and showed no response for outer stimulus.
On the nest day of the inhalation test all rats were sacrificed and the internal organs and the central nervous system were examined histopathologically. The internal organs were stained with hematoxylin eosin, and the central nervous system were with hematoxylin eosin and thionin.
The abbreviations of the findings are that in the trachea except a little infiltration of white blood cells and lymphocytes was seen under the mucous membrane, generally the trachea was normal and showed no disorders.
In the lung, No. 6 and 8 of rats showed the findings of bronchitis with slight infiltration of lymphocytes and slight hemorrhage around the bronchus, but in the others were pot shown any changes.
The liver, kidney, heart, brain and spinal cord dit not show any change.
(2) Inhalation test for five hours. On April 10 the te$t began and the inhalation continued for 127 days by Aug. 14 and the animals survived showing no abnormal disorders or responses as well as in the above-mentioned test. According to the histopathological examination of the organs of the animals which survived after the inhalation, the tracheas of the four rats except No. 5 rat showed the infiltration of lymphocytes or white blood cells under the mucous membrane and showed the findings of bronchial catarrh. And in some rats much store of secretion in the trachea was seen.
As for the disorders of the lung, many rats showed the finding of pneumonia such as, hyperemia, hemorrhage, and plethora of blood vessels in the interstice of alveolar wall of lung, and many showed the findings of bronchial catarrh such as the infiltration of lymphocytes, white blood cells and plasm cells around the bronchus. Any change in liver, kidney, suprarenal, heart, brain and spinal cords was not observed.
(See the appended pictures).
B) The influence of 1.0 gr. fumigation in 1m3.
(1 In each group of male and female, since the second day of the inhalation, slight nasal hemorrhage or eye-hemorrhage resulted, and salivation, tearing, and tachypnea were observed. This appoints the stimulations of lindane to the nasal or eye mucous membrane.
Especially the stimulation was clearer in male rats than in female.
Here, in order to know the effect of insects killing of lindane vapor in this concentration, thirty minutes after the beginning of inhalation by the animals and after the complete evaporation of 1.0 gr, lindane, fifty Sarco phaga were put into five pieces of glass cylinder, by ten for each cylinder and the result was observed.
About seven minutes after the insects were exposed in the lindane vapor, the insects leaped about violently in the container, eight to ten minutes later they fell down on the bottom and overturned, all caused convulsion and about thirty minutes later the spontaneous movement nearly stopped and within several hours the Sarco phaga died completely.
No. 24 rat (male) died with convulsion on the 89th day and was sacrificed and examined macropathologically.
On the surface of the lung, a millet size or the little finger size abscesses were seen and one part of the upper back of the left lung was adhered to the pleura. The color of the lung surface had a tinge of dark red and hyperemia and hemorrhage were extreme.
The cut surface was reddish, and hyperemia and hemorrhage were extreme.
The whole lung showed strong edema and were swollen about two times. There were no changes in the suprarenal and the heart, but in the brain the Nissl's bodies of the nervous cells of the end-brain were collapsed, and pyknnosis was observed. The changes in the spinal cord were the dark staining and karyorrhexis of the nervous cells in the anterior horn.
(2) Inhalation test for five hours. The rats inhaled continuously from Apr. 14 until July 27 in the case of the longest inhalation.
The attitude of the animals in the beginning of the inhalation was the same as shown in the one hour's inhalation (see B (1)), but the different points were that, because of the stimulus for nasal mucous membrane as the result of five hours' continuous inhalation, nasal secretion increased, and many showed hemorrhage from nostrils.
These were extreme especially in male rats, but female rats did not show these symptoms, and the eye-hemorrhage was also the symptom only in male rats. In the kidney, generally the cloudy swelling of the nephritic duct was slight, but the glomerulus were swollen and abounded 'with the nuclei, the disorder of so called nephritis was observed. The suprarenal and the heart showed no changes.
In the brain, end brain and medulla oblongata showed the slight Nissl's degeneration and in the spinal cord the slight Nissl's degeneration of anterior horn cells. (see appended pictures).
C) The influence of 10.0 gr, fumigation in 1 m3.
(1) Inhalation test for one hour. On Aug. 11 the inhalation began and within 4 to 6 days all showed the transition of death. By this concentration, the inhalation box seemed somewhat to be filled with white smoke. About thirty minutes later the animals showed the symptoms of dyspnea and the hemorrhages from nasal mucous membrane and conjunctiva.
Besides, tearing was extreme and as shown in Fig. 2 , male rats seemed to be somewhat weaker in its resistance than female.
The histopathological changes of the internal organs of this group of animals were as follows:
The trachea showed the disorder of high degree tracheitis. The lung showed the high degree atelektasis, hemorrhage, edema, abscess of the lung, the high degree catarrhal pneumonia and peribronchitis around the bronchus. The other six (No. 11, 12, 13, 16, 17, and 19) except No. 14, 15 and 18 survived for 124 days untill the stop of the test and no specific change in the organs was observed.
The other method was that the animals were inhaled the chemical of 10.0 gr, in 1 m3 f or five hours each day, and it continued five days from Aug, ii. During these periods, all rats except No. 40 died with convulsion after two to three inhalations. In the liver, high degree changes were seen all over, the swelling of the liver cell in the middle of the lobule and the peripheral fatty degeneration, or hemorrhage and the infiltration of round cells around the Glisson's capsule were also seen. Summarizing the above-mentioned experiments, in the case of fumigation of 0.1 gr. lindane in one cubic meter of atmosphere, if we let the rats inhale the gas or aerosol for one hour to five hours each day, they could all survive without showing any change for 127 days but the lindane vapor in this concentration killed 50 Sarcophaga in 100% within several hours, and if there is no toxicity for the higher animals, this concentration is exceedingly effective. Sweetman et aP, said that the continuous fumigation of the gamma BHC in the concentration of 1 gr/24 hours/26,000 cub, ft, in the barn made the flies in the barn decrease gradually.
Sullivan~11 said as follows: an acetone solution of lindane was put in a fiber-glass filter and after evaporating the acetone, lindane gas was gradually vaporized. At that time about 25 mg lindane was vaporized for an hour in 8,500 cub, ft. room and in this density, 80 to 100°0 of flies and mosquitoes died within twenty-four hours exposed for an hour in the vapor. Ten minutes exposure caused 74 to 100% death-rate, besides the house flies were said to die within 90 minutes; the effects for human being and domestic animals, however, were not ascertained and so its use in the house of human being and domestic animals was not recommended by him.
Moore examined the insecticidal action of 0.36 to 2.84 gr/20,000 cub, ft, lindane gas every day by an automatic fumigation apparatus and the density of 1 gr/ 20,000 cub, ft./24 hrs, was enough to prevent the breeding of houseflies.
About the toxicity of this gas, some already sent warnings and the permitted quantity decided by the "Interdepartmental Committee on Pest Control" was 1 gr/ 15,000 t o 20,000 cub, ft./day.
Moore examined its toxicity for calf, horse, sheep, pig, rats, chicken, tropical fish, canary and pigeon, and said it was not harmful for calf, horse, sheep and pig, but toxic for canary and tropical fishes, then the concentration of 1 gr/20,000 cub, ft. was effective for many insects and safe for human being, at the same time this concentration caused canary sensitive. Besides, Kodama et a1(21) . tested the effects of gamma BHC aerosol to mice, and reported the toxicity of gamma BHC and the stimulation to the mucous membrane and con junctiva of rabbit. Kano examined the toxicity of the vaporized gas of gamma BHC, and according to the finding of the blood of guinea pig inhaled for thirty minutes, reported the damage of hematopoetic function of the marrow system and anaemic symptoms. In the case of using present commercial aerosol producing compounds, the quantities used are determined only by the kinds of harmful insects and the volume of room, but Fujito pointed out the danger of mistaking effective chemicals f or ineffectiveness when the amount used was decided by this method in exterminating hous-bugs and house-ticks. And Furubayashi et a1.
called the enough concentration (gr/m3) of ae-rosol to kill the insects, noxious insects exposed in it "practical kill concentration" and spoke of the necessity of deciding the concentration (grJm3) of aerosol which should be constituted in order to touch surely the insect body with the aerosol in the insecticidal concentration above-mentioned according to the relationship between the density of the aerosol which reached the place where the object, noxious insects, and the general density of the room. And he said according to the forms of usage of gamma BHC, the "practical kill concentrations" were different.
Thus, in the effective use of gamma BHC, the concentration of aerosol had better be higher if possible in order to make the opportunity of touching the insect body with the fine particles of aerosol increase and if it was left in the room for many hours, the increase of effect for the insects was still shown to some extent, but the addition was not necessary put, and below a certain extent of the concentration, the prolongation of the time did not show any effect.
And he said that in the case of expecting the effect of the sticking and remaining fine particles in the aerosol, it was more necessary to increase the amout used than to increase direct touching effect. Consequently, it must be taken heed to make insecticidal effects surely and within short time by the considerably higher density of lindane vapor rather than by the lowest density in the past as well as taken heed not to expose men and beast in the high density of lindane vapor.
According to the test of the author, the times of inhalation were two kinds, one hour inhalation and five hour inhalation each successive day, then we cannot compare directly the concentration of the gas and the allowable concentrations at the time of twenty four hours continuous inhalation of the two kinds of inhalation, but as shown in the experiment "A) (1)" of the author, 0.1 gr f m3 concentration was extremely highly effective for Sarco phaga, still the short time inhalation did not cause the lesion even by the considerable continuous use.
As the insecticidal effects and the effective concentrations of lindane gas and aerosol for various insects were variously shown up to this time, so we must decide appropriately the amount used and the time used of lindane in order to avoid the toxicity for human body and beast as much as possible.
CONCLUSION
As the insect-killing methods by the fumigation of gamma BHC and the apparatus for the fumigation or evaporation was diffused recently, the author examined the toxicity due to the inhalation of gas and aerosol of gamma BHC for the rats as well as its insecticidal effects for Sarco phaga, and studied histopathologically the internal organs (trachea, liver, kidney, suprarenal, and heart) and the central nervous system (brain and spinal cord).
That is, the animals survived through the inhalation of 0.1 gr/m3 concentration of lindane vapor for 127 days by one to five hours' inhalation each successive day. This sort of concentration did not give any danger if used for considerably long time, but in the group of one hour's inhalation, only lung showed a slight disorder and in the group of five hours' inhalation trachea and lung showed lesions and caused tracheal inflammation and pneumonia.
As the result of the insect-killing test in this concentration, fifty Sarco phaga began to fall about fifteen minutes after the exposure in the vapor and 100 % of them died completely within five to six hours. Besides, the continuous inhalations of 1.0 gr/m3 and 10.0 gr/m3 concentration for one to five hours each day caused the symptoms of slavering, tearing, eye-hemorrhage, and nasal hemorrhage, and did not bear up the long time inhalation and all died. These stimulative symptoms were extreme in male rats and 'were not seen in female rats. Fifty Sarco phaga exposed in the lindane vapor of 1.0 gr/m3 concentration fell and lay within eight to ten minutes, being convulsed stopped the spontaneous movement almost about thirty minutes later and showed 100% death rate within several hours. . 43, 205-218, 1952; The Kurume Medical Journal. 5, 190-197, 1958. 3 . SHIRAKAWA, M.: Experimental studies on the toxicity of benzene hexachloride (BHC) and dichlorodiphenyltrichloroethane (DDT). III. Histopathological study. Fukuoka Acta Medica. 43, 210-218, 1952; The Kurume Medical Journal. 5, 198-208, 1958. 4 
